. If ' 



NASA CR- 

/ 3 


(V*SA-CR“ 140306) STUDY OF OXYGEN GAS N74-34545 

PfODUCTICN PHENOMENON DURING STAND AND 
DISCHARGE IN SILVEP.-ZINC BATTERIES Final 

Report (Eagle-Picher Industries, Inc., Onclas 

Joplin, Mo.) 75 P HC $6.75 CSCL 10C C-3/03 52711 


•B0I55* VTV, 
eei.s£ £*»**>*• '* 



EAGLE-PICHER INDUSTRIES, INC. 



V 


STUDY OF OXYGEN GAS PRODUCTION PHENOMENON 


DURING STAND AND DISCHARGE IN 
SILVER-ZINC BATTERIES 
FINAL REPORT 

CONTRACT NO. NAS9-12032 OR? - 

8 OCTOBER 1974 cciLw.: 


EAGLE-PICHER INDUSTRIES, INC. 
Electronics Division 
Couples Department 
Joplin, Missouri 


?• - * 




1.0 


INTRODUCTION 


It has been known before the LM operation that silver oxide-zinc cells 
generated some oxygen along with hydrogen during open circuit stand and discharge. 

It was reasoned theoretically that the source of the oxygen was associated with 
the positive and the hydrogen from the negative. Both sources were reasoned to 
be due to "side" reactions and not an essential part of the electrochemical cell 
reaction. Ihe general objective of this contract, the modifications and addi- 
tions were to obtain information concerning this oxygen generation with the specific 
objective of reducing (or eliminating) the amount generated. This should reduce 
the probability of a gas explosion. The requirements for a gas explosion are the 
simultaneous presence of a hot point of ignition with the oxygen* hydrogen ratio 
within the explosive limits (approximately 3-97% oxygen) . 

The Phase A portion of the contract was designed to obtain information on 
the effect of various treatments and preparation variables. This work was re- 
ported in a Final Report, dated 2 May 1973. At the closure of ' this phase of the 
contracts, a continuation was issued to include the work of this Final Report 
(Phase B) of the contract. The work of Phase B is outlined in the statements of 
work in the modifications dated 14 June 1972 and 14 May 1973 to the Contract 
NAS9-12032. The specific work is outlined in the attachmc it to a letter dated 
28 June 1973, Ref. 211-0673/GMB to Jerry Haptonstall, Buyer, NASA, from Mr. George 
Babb, Contracts Administrator, E.P.I. A copy of this letter with attachment is 
given in Appendix I. 

The effort was organized into three main parts. Part 1 includes the pro- 
duction of two groups of positive plates, the manufacture of cells from each 
group, and the accumulation of randomly selected plates for future testing. Part 
2 includes the testing of 10 cells and 10 plates resulting from Part 1 shortly 
after their manufacture. Part 3 includes the controlled storage of the remaining 
cells and plates from Part 1 and subsequent testing of these. 
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1.1 Definitions i 

LM - Lunar Module operation. EPI developed and produced 

i 

the Descent and Ascent batteries. 

"PRODUCTION" - The technique and procedures followed by the EPI 
production section used for LM positive plates. 

i 

"SPECIAL" - Procedures as modified and detailed in Appendix I 

for the positive plates used in this series of tests. 

C/41.5 - Rate, amperes, of charge or discharge when the capacity 

in ampere-hours is transferred in 41.5 hours. 

MEAN - Average or sum of a set of data divided by the number i 

of such. 

MEAN SQUARE - Sum (Data 2 ) - (Sum Data) 2 

N-l (N) (N-l) 

SIGMA - Square root of "Mean Square" j 

l 

F-NUMBER - Ratio largest of two mean squares to the smallest. 

VOLUMES OF GAS- In cubic centimeters. 

R.T. - Room Temperature 

50 or 140 HOUR- Volume of oxygen collected and measured during 

50 hours . 1 

RESPONSE - of discharge or 140 hours of open circuit stand. j 

SIGNIFICANT - A difference is significant if the F number is j 

greater than the tabled critical value. 

2.0 FACTUAL DATA AND DISCUSSION 

I 

2 . 1 Plate and Cell Manufacture • 
Phase A of the contract (Final Report, 2 May 1973) arrived at the 

effect of several variables tending to influence the gassing (oxygen generation) 
during open circuit stand and during discharge. The letter of 28 June 1973 
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(Appendix I) specifically outlined that applying to the Part I of the 

present work. Since the testing involved in Phase A was necessarily on a ^ 

small scale, the formations consisted of 16 plates each while the production 

run is ordinarily not less than 200 plates. To achieve more control in the , 

! 

former, the plates are formed in series while in the latter all plates are • 

connected in parallel. The current is specifically known in the first case 
throughout the formation, but in the parallel configuration the total current 
is controlled and it is assumed that the impedance of each plate is equal. 

I 

This is not possible so there exists a source of variation of the charging. 

Several changes were necessary but which were readily accomplished. A deionizer 

was installed in the feed water lines to permit a by-pass of the "as is” water. i 

A water heater was installed between the wash tank and the dionizer for control 

| 

of the wash temperature. The temperature controller on the oven was verified 

i 

in the particular temperature range desired. The "SPECIAL" formation is so de- 
signated and follows the specifications given in the letter of 28 June 1973 
(Appendix I) while the "PRODUCTION" formation followed the modified LM procedure. 

i 

No deviations or modifications were made. All jigs and cell fabrication equipment, 
as well as component parts were made available from the LM operation. The 
plates from each formation were sorted and assigned to cells by the same method ( 

used for the regular LM cells and batteries. A "fold-over" method was used in 
a computer program whereby the ordered plates by oxygen weight are assigned to 
cells to make the maximum number of cells with a niminum sigma for the cells. j 

For this work the "SPECIAL" formation is designated #1 while the "PRODUCTION" for- 
mation is designated #2. Tables numbered numerically appear in Appendix II, 
while all figures and tables listed alphabetically appear in the report near the 
point of reference. For this reporting. Tables No. 1 and 2 were made by listing 
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plate serial nuirbers for each. Tables NO. 3 and 4 show each cell assign- 
ment of the plates along with the totals, mean and sigmas. The percent 
oxygen is the weight of the oxygen pick-up over the sintered weight less 
the grid weight. The theoretical quantity of oxygen for AgO on this basis 
is 14.77%. Plates designated and maintained for plate testing were those 
from the following "cells": 2, 8, 12, 20 and 26 which made a total of 45 

plates. These correspond to the test articles 1.0(b) and 1.0(c), with the 
remaining cell numbers actually made up as cells for the "SPECIAL" set. The 
"PRODUCTION" set was made up according to Table NO. 4 except that cell No. 21 
and the plates marked "accepted but not used" are available for pi; :e tests. 

2.2 Cell and Plate Tests 

The storage requirements are specified in the contract, along with 
the actual gassing tests on each. The important dates for timing on storage are: 

Note 


Date 

1 Nov 1973 
7 Nov 1973 
12 Nov 1973 

15 Nov 1973 
20 Nov 1973 
20 Nov lg^ 

24 Nov 1973 
20 Jan 1974 


Lapsed Time 
0 


3 
5 
0 

4 

74 


Plate processing completed and plates 
sorted for cells. 

Cells and plates delivered and stored 
at R.T. 

5 SPEC" and 5 "PROD" cells activated, 13 
plates on test at open circuit (10 "SPEC" 
and 3 "PROD") 

The 10 cells on OC test. 

13 Plates on Disch. test 

Storage of plates and remaining cells at R.T. 
completed and storage started at 40 F, 

Para. 2.1(a) . 

10 cells on Disch. test 

End of R.T. storage from 7 Nov 1973, (2.1(a)) 
Start of 40°F storage (2.1(b)) 
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22 Apr 1974 92 Start Group 1 plates - Para. 2.1(f) 

23 Apr 1974 93 Cells activated - Para. 2.1(c) 

24 Apr 1974 1 Start Group 2 plates - Para. 2.1(f) 

27 Apr 1974 3 Cells O.C. stand - Para. 2.1(d) 

5 May 1974 9 Group 1 cells on disch. - Para. 2.1(e) 

7 May 1974 11 Group 2 ceils on disch. - Para. 2.1 (e) 

A diagram of the plate testing cell is shown in Figure A. The plate-testing 
set-up is shown in Figure B with the cells in the background. Figure C is 
a closer photograph of the cell test setup showing the gas collecting burettes. 

Gas analyses were made with an Orsat analyser operated with some refinements 
to improve the accuracy and sensitivity. Hydrogen (nitrogen would do equally 
well) was used to flush the system before sampling to reduce contamination from 
oxygen in the air into the unknown sample. A rubber sampling tube 1/8 inch dia- 
meter with a fine (27 ga.) needle fixed to the end was used to transfer the gas 
from the collector to the analyser. A serological stopper had*been previously 
mounted in the collecting system. The accuracy and reproducibility was verified 
by measuring the absorption and calculating the percent with the "pure" hydrogen 
and a 53.4 cc sample of hydrogen-air made by introducing 10.0% air into the hy- 
drogen. The oxygen was calculated back to air on a dry basis as 20.95 vs 20.99% 
as a tabled value. Sensitivity was observed by the reproducibility with pure hy- 
drogen starting with a known volume and scrubbing the gas for oxygen repeatedly with 
a reproducibility of +/-0.2cc. During the work on Phase A of the contract, gas 
chromatography was used. Excellent detection of hydrogen in oxygen was obtained 
but the column gradually deteriorated, presumably due to moisture, and its use 
to measure composition with a large quantity of hydrogen was poor. On another 
gas analysis project, a different gas chromatograph was used and the same exper- 
ience was observed. It was therefore deemed necessary to refine the Orsat analyser 
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FTGURE B 


RKPRf i/JUCUJif 
ORIGINAL TA< 


Testing in Phase B, Part 2 
Plates in foreground 


FIGURE C 


Testing in Phase B f Part 2 
Cell Testing 


to measure hydrogen and oxygen with the assumption that these are the only 
two gases given off. Measuring tubes for both the plates and the cells were 
calibrated from length so measurements to volume in cubic centimeters could 
be made. No correction was made for the difference from sea level (733 vs. 

760 mm.) since the Phase A work made no such correction. The responses made 
for evaluation of the plates is the same as that used in Phase A (the accumu- 
lated volume in cc at 140 hours for open circuit and the same for discharge at 
50 hours) . In this report "Total" gas is used to designate the volume of hy- 
drogen plus oxygen and "accumulated" gas as the total at this point. The 
discharge current was specified for the cells as 10 amperes and the plates as 
1 ampere. 

The testing outlined in Paragraph 2.1(c) and (d) was carried out using 
cells shown on Figure No. E at room temperature. After the ten-day period on 
open circuit, the cells were transferred to the 40°F bath (Figure D) to con- 
duct the testing outlined in 2.1(e). The assignment of plates for the cells of 
these tests is shown in TAble No. 14. The data for the cells are listed accor- 
dingly to the original cell numbers, "SPECIAL" * "S" (16) and "PRODUCTION" * 

"P" (15). The plate testing, 2.1(f), was done in the 40°F bath (Figure D) 
prior to the cell testing. The plates were tested in two groups of 15 each, one 
group (1st Group) discharged at 2.6 amperes, which corresponds to C/16 rate, and 
the other group (2nd Group) discharged at 1.0 ampere, which corresponds to C/41.5 
rate. 

2.3 Cell and Plate Test Data 

Table No. 5 lists the total gas accumulated from each cell while 
Table No. 6 lists the actual oxygen volumes determined from the total gas at the 
indicated times. Also, the accumulated oxygen under "Tot. oxygen" is listed in 
the last column of Table No. 6. Corresponding to these Open Circuit gas tables 
are Tables No. 7 and 6 for the discharge gas tests. Table No. 9 lists the per- 
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FIGURE D 


Plate Testing In 40°F bath in 

Phase It. Part 3 


FIGURE E 


Cell Testing at Room Temperature 
in Phase B, Part 3, These cell 
were later transferred to 40° F 
bath for discharge. 
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tinent electrical data from the cell tests, i'ahles No. 10 11 and 12 contain 
the gas evolution data for the plate tests. Plate Tests No. 1, 2, and 3 are 
three "PROD" plates while the remainder are "SPEC" tests. The capacities of 
the plates are entered in Table No. 11 on the last line. Table No. 12 lists 
the individual response for all the plate tests. Table No. 13 lists the various 
responses and results for the 10 cells tested in Phase B, Part ?. Tables fol- 
lowing No. 13 are used for analysis given in the next section. 

The contract specifies that 15 "SPECIAL" plate3 be discharged at C/16 
rate (2.6 amperes) and another 15 be discharged at the C/4... 5 rate (1.0 ampere) 
while being held at 40°+5°F after the 40°F storage. The oxygen generated during 
the discharge of these two groups of plates is tabulated in Tables No. 15 and 
16 and the 50 hour responses are listed in Table No. 17. The electrical data 
for these two groups are listed in Table No. 18. 

The contract calls for the cells to be stored at room temperature 

for 10 days + 1 day followed by discharge at 10 amperes while being held 
o o 

40 + 5 F. The cells generate substantial quantities of hydrogen from t .g- 

ative plate reaction along with the positive plate oxygen. Again, the total 
gas and the oxygen volumes are listed in Tables No. 19 ("Special, Total), 20 
("Prod" Total), 21 ("Special", oxygen), 22 ("Prod" oxygen). The discharge 
data for the cells are correspondingly listed in Tables No. 23, 24, 25 and 26. 

The electrical data during discharge are listed for each group o'! cells in 
Table No. 27, 26, 29 and 30. The oxygen generated by the cell*. ?nd the volumes 
accumulated are listed in Tables No. 31, 32, and are summarized in Table No. 33. 
For these Part 3 data. Table No. C is an extension of Table No. A for the Part 2 
results. 

2.4 Discussion 

Several comparisons are possible at the Part 2 stage of the testing: 
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(1) Present "PRODUCTION” vs. "SPECIAL" plates and cells. 

(2) Present "PRODUCTION” vs. "PRODUCTION” plates made at the beginning 
of the contract. 

(3) Present "PRODUCTION" and "SPECIAL" plates vs. cells. 

(4) "SPECIAL" plates vs. the predictions made (letter, 28 June 1973, 

App. 1) . 

(5) "SPECIAL" plates vs. P. Juction plates made at the beginning of 
the contract. 

Several statistical analyses are possible other than the above but 
will not be done in this report in the interest of time and because such is not 
indicated in the contract. For instance, a comparibon could be made between the 
current LM production formation vs. the parallel formations could be compared. 

Also, performance comparison of the LM Acceptance Test cells vs. those in this 
study would be possible. 

If information estimating the mean, mean square, sigma, and the 
number of observations is available several statistical comparisons as sig- 
nificant differences may be estimated. One such procedure is to calculate the ratio 
of the mean squares using the smaller number in the denominator which yields 
a quantity call the "F” number. To estimate if there is a significant difference 
between two samples, as the above, is to compare this F number with the critical 
tabled value which depends on the confidence level and the degrees of freedom 
(number of observations -1) in the numerator and the denominator. If the F 
number is larger than the critical value, there is a significant difference; 
if smaller there is no difference. Table No. A is a listing of the pertinent 
quantities for the tests. After Table No. A, a table (A-S) of critical F 
values for a 90% confidence level has been included for use in comparisons . The 
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various combinations to answer the above questions are listed in Table No. B. 

Inspection of the calculated F numbers indicate few that are significantly 

different. Present "PRODUCTION" and the "SPECIAL" set are not different (Question 1 

#1) . Both present "PRODUCTION" and the "SPECIAL” are significantly lower gassing 

I 

than the initial production (Question #2 and 5} . Die cells are not different j 

from the plates for both the "PRODUCTION" and the "SPECIAL" sets. This may be- ! 

come significant when a larger number of cells and plates are tested as the 
sample will be increased. 

The comparison with the "best" prediction for the "SPECIAL" set ) 

is difficult to assess since the predictions were negative. When a prediction 
is made that obviously is in an impossible region, it means the region of the 
prediction is being extrapolated and the effects of the factors do not continue 
in the indicated direction from the data region. It probably follows that the 
factor levels would reduce the gassing the larger amount but the actual pre- 
diction is obviously incorrect. 

It should be noted that cell gassing of oxygen should be less than 
for plates due to the oxygen reaction by the negative plate (the plate tests were 
against counter electrodes of silver so that no mechanisms existed to take up the 

i 

evolved oxygen) . In the cells the oxygen given off by the positive would at least 
partially diffuse in the upper regions to the negative where reaction occurs. 

The efficiency of this reaction to scrub the hydrogen of the oxygen is probably 
poor and would not consistently reduce the amount below the explosive limit 
(3%-97% oxygen). Also, the amount and rate of generation of hydrogen would be 
an important factor. This is seen in the present tests as the quantity of 
oxygen and hydrogen ranged from below the limit to above the limit in the ten 
cells. 
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TABLE NO. A - SUMMARY OF ALL TESTS SHOWING MEAN, MEAN SQUARE, SIGMA 
AND THE NUMBER OF DEGREES OF FREEDOM OF EACH. 

DATA COVERED IS TO CONCLUSION OF PART 2 OF PHASE B. 
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The tests performed in Pert 3 of the contract permit several addi- 
tional comparisons. Table No. C, similar to Table No. A, summarises the various 
sets which can be used either within each table or between those in Table A. 


The sequential numbers in these tables are used to identify the 
test data. The following comparisons are indicated : 

(6) Compare discharge total oxygen vs. 50 hour response 

PROD-C-DIS CELLS * 10 vs. PRDD-C-DIS. CELLS Tot. Ox. *13 
(Tables A and C) 

SPEC-DIS CELLS *12 vs. SPEC-DXS. CELLS Tot. Ox. *14 
(Tables A ( CJ 

(7) Compare R. T. Open circuit PROD, and SPECIAL Cells before 40°F 
stand (#9 and *11) and after stand (#17 and 18) . (Tables A s C) 

(8) Compare 40°F DIS. with 40°F Stand Cells and R.T. Dis. w/o 
40°F stand cells: PROD (19. vs. 12.), SPECIAL (20. vs. 12.) (Tables A £ C) 

(9) Compare R.T. Open Circuit PROD. Cells after 40°F Stand (17.) 
and SPECIAL Cell (18.) after like treatment (Table C) 

(10) Compare 40° DIS. PROD, cells after 40°F stand (19) and SPECIAL 
CELbS (20.) of like treatment. (Table C) 

(11) Compare C/41.5 Discharge Plates vs. C/16 Discharge Plates at 
40°F without an Open Circuit Stand, *16/*15. (Table C) 

(12) Compare the sum of SPECIAL O.C. and DIS. at R.T. and 1. ampere 
(7 s t,' and DIS. w/o Open Circuit at 40°F at 1. amp (16). (Tables A and C) 

Table D (corresponding to Table B) lists the F number comparisons for 
the above Part 3 comparisons (6 through 12) . The conclusions possible from these 
data are indicated in the next section. 


A discussion is in order to summarise some possible reasons to account 
for the current production of positive plates being of lower amounts of oxygen gen- 
eration over that found from production at the beginning of the Part A of the contract. 
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PLATES-DIS 16/ (7+8) 131.72/5.51=23.7 F(14,14) 


An obvious possible explanation for this difference that a change may have 
occurred in the specified production manufacturing procedure had been insti- 
tuted between the two manufacturing dates, November 1971, and October 1973. 

The production processing sheets were located for the entire period and no 
difference was found from that shown in Table No. I of Appendix I under 
"Production Level". The cause or causes for the significantly lower oxygen 
generation from the production plate must, therefore, lie in variables that 
are difficult to control. As indicated earlier in this report, the charge 
acceptance during formation has a high variance. This factor, being an im- 
portant variable in oxygen generation might well create variance either be- 
tween periods of production or within current production itself. Temperature 
and time during drying is also an important variable. Most driers are subject 
to both time and temperature variance due to variation of moisture load within 
each plate and variation in the total number of plates dried during one loading. 

As the plates become dried, the actual temperature cf the plates tends to rise with 
a change in rate since the cooling from the evaporization is no longer effective. 
Knowing what the temperature profiles are over a substantial area and volume of 
plates is difficult. Consequently, a control is made at an arbitrary point 
sensing the heated air so as to prevent the plates from seeing a higher temperature 
than the control maximum cut-off point. Since temperature has be<*n shown also to 
be an important variable affecting oxygen liberation, variance from this source 
might be expected. The other variables that were found in the first contract to 
influence oxygen evolution may be reasoned similar to the above on drying and 
charge acceptance, and might well develop additional variance. 

The LM battery program was completed before the results of the first 
contract were summarized and finally reported (May 1973) . It was thus impossible 
to incorporate the factors into the LM production procedures. 





3.0 CONCLUSIONS j 

(1) The "SPECIAL" plates predicted to have low oxygen had lower oxygen 

than the original Production plates but were not significantly lower • 

than the current production plates. (Tables A & C). 

I 

f 

(2) No statistically significant difference was observed between current 
production cells and plate generation of oxygen. 

(3) The oxygen generated in cells was sufficiently low to be under the 
explosive limit in the cells when a higher rate of hydrogen generation 
was seen but for lower rates the oxygen was within the explosive limit. 

(A) No statistical significance was observed between the "SPECIAL" and the 
current "PRODUCTION" test articles in either cells or plates. 

(5) Use of the total oxygen as the response in place of the SO hour ac- 
cumulation is not significantly different (Question 6). 

(6) The effect of three-month unactivated storage at 40 a F. is seen from j 

Question No. 7. Both the PRODUCTION and the SPECIAL cells show an I 

i 

increase in the mean oxygen responses (accumulation at 140 hours) . 

| 

The F numbers for the PRODUCTION cells is slightly less than critical j 

! 

while that for the SPECIAL cells is very significant that an increase 
- I 

in open circuit oxygen resulted from the 40*F unactivated stand). 

(7) The comparison for Discharge gas must combine the treatment of 40 # F 
atand and 40*F discharge as shown in Question No. 8. Neither PROD- 
UCTION nor SPECIAL articles showed significance; both had an increase 

I 

in the means. I 
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(8) Comparing the O.C. gas for PRODUCTION and SPECIAL cells as to the effect 
of AC’F stand (Question No. 9) comparisons 17 and 18 of Table No. C are 
used. No significant difference was seen. 

(9) Comparing the Discharge gas for PRODUCTION and SPECIAL cells as to 
the effect of 40 8 F stand (Question No. 10) uses comparisons 19 and 
20, Table No. C. No significant difference is seen. 

(10) The effect of two current rates (C/16 and C/41.5) in Question No. 11 
uses comparisons 15 and 16, Table No. C, and shows no significant 
difference. The conclusion is thus reached that the oxygen is 

to be lost from the plate regardless of how the discharge rate may 
differ. 

(11) Since the plates were not given open circuit stand treatment, a 
comparison may be made (Question No. 12) of 7 plus 8, Table No. A, 
versus comparison 16, Table No. C to observe if the open circuit 
gas would ultimately be generated during discharge when not lost 
prior to discharge. The ultimate generation of gas during discharge 
is shown very significantly. 



4.0 


RECOMMENDATIONS 


The effort of this contract was primarily directed toward locating preparation 
treatments that tend toward decreasing the oxygen. A limited effort was 
directed (Task IV) toward locating treatments that would decrease the 
oxygen produced. The net result of this work was generally to increase the 
oxygen gas from the plates. Thus, it appears that the current production 
procedures result in plates and cells which produce the lowest quantities 
of oxygen. Some possible treatments that may result in lower oxygen evolution 
might be: 

(1) Electrolyte treatment such as decreasing amplitude sinusoidal charge- 
discharge treatment as a function of temperature, concentration and 
composition (I^CO^) of the potassium hydroxide electrolyte. 

(2) The effect of reduced pressure on plates immersed in electrolyte, again 
as a function of temperature and type electrolyte. 
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APPENDIX I 


Reference : 2112-0G73-023/GMB 


National Aeronautlca and Space Administration 
Manned Spacecraft Center 
Houston, Texas 7705S 

Attention: Mr. Jerry Uap tons tall. Buyer 

Reference: Contract NAS9-12032 

Gentlemen: 

As a result of Hr. Hoyt McBryar's recent trip to Joplin 
the attached letter and summary has been prepared. \cux agreement 
with the recommendations of this is required before the next phase 
effort can be started. 

A copy of this has been sent directly to Mr. MeBryar 
by Mr. Dixon to facilitate distribution. 

Very truly yours, 

ELECTRONICS DIVISION 

Eagle- Picher Industries^ Inc. 


Ceorge M. Babb 
Contract Administrator 


CMB/sh 0 


Attachments 


EAGLE-PICHER' INDUSTRIES, INC. 

ELECTRONICS DIVISION • P.O. BOX 47, JOPLIN, MISSOURI 6480! 

26 June 1973 


Gentl*'j>en: 


As agreed upon during our meeting on 7 .'une 19/3, the 
enclosure comparing standard production procedures with out recoin* 
mended treatment Is submitced. Also included is a set o£ predictions 
from each analysis model for comparison purposes. A recommendation 
for work optimising the variables involved in plate processing is pre- 
sented at the end. 

Each varlablewill.be discussed separately in comparing 
production versus experimental and the resultant recommended levels. 

A summary is provided in Table I. 

If you should have any questions, please do not hesitate 
to contact us. 


Very truly yours, 



Couples Department 


LED/bd 


Enclosure 




ARIABLE NO. 1 - RINSE RATE 


Present production procedures utilize two (2) rinse tanks with 
a capacity o£ 150 positive plates each. The rinse water is introduced 
through a common tap with separate drains for each tank. The effective 
capacity of each tank is 215 liters of water (1.42 l/plate). The exact 
production rinse rate will vary somewhat according to available water 
pressure with the rate in the order of 30.5 liter/minute/tank (0.203 
l/min/plate) . 

The experimental rinse rate was 0.125 l/min/plate in a volume 
of 0.25 1/plate. 

The procedure recommended is to slow the rate of flow to approxi- 
mately 0.125 l/min/plate. 


VARIABLE NO. 2 - RINSE TEMPERATURE 


Current production routine utilizes water temperature in the 
range of 120 °F. 

The best experimental temperature was found at the 110-114°F 


level. 


, It is recommended that the temperature be the same for production 

and experimental production. This would be indicated as the rinse tempera- 
| ture vector was in the direction of higher temperature and the difference 

j 

1 between 114°F and 120°F is not significant in light of the variation to 

j 

be expected utilizing hot water heaters. 

VARIABLE NO. 3 - RINSE TIME 

Production time of rinse is of the order of 25 ± 5 minutes. 
Experimental results indicated the shorter rinse time of 15 
minutes as the minimum gassing direction. 

A rinse time of 15 ± 5 minutes is recommended for the experimental 
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production plates. 


VARIABLE NO, 4 - DRYING TEMPERATURE 

Production drying utilizes air circulating ovens set at 

120 ± 10 °F. 

The cooler drying temperature of 100°F was found to be the 
minimum gassing vector experimentally. 

It is recommended that the drying oven be reset to 100 ± 10°F 
for the experimental production run. 

N VARIABLE NO. 5 - DRYING TIME 

Typical production drying time is of the order of four (4) hours. 
Experimental results indicate the longer drying time direction of 42.5 hours. 
It is, therefore, recommended that the experimental production plates be 
dried for 42.5 ± .5 hours. 

^VARIABLE NO. 6 - CHARGE CURRENT 

A current density equivalent to 3.5 amps/plate is utilized in 
current production formation. 

Experimental results indicated a lower current density equiva- 
lent to 2.3 amps/plate to be superior to 3.5 amps/plate in producing less 
gas. 

Experimental production current density of 2.3 amps/plate is 

proposed. 

/\ VARIABLE NO. 7 - PERCENT CHARGE 

A number of ampere-hours or charge equivalent to 1757. of the 
theoretical number of ampere-hours necessary to promote all of the active 
silver to AgO is used in current production. 

This same percentage of charge was found experimentally to be 
preferable over 1257. theoretical. It is recommended that the same percent- 
age of charge be utilized in both sets of plates. 
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c VARIABLE 8 - DISCHARGE CURRENT AND VARIABLE 9 - DISCHARGE TIME 

Present production formations utilize a discharge routine of 
5.75 amps/plate for three (3) hours inserted at the midpoint of the 
charge routine. 

Experimental results indicated this same routine as being 
the minimum gassing level combination. 

It is recommended, therefore, that this same routine be 
utilized in the experimental production plates. 

VARIABLE 10 - DOUBLE (BOOSTER) CHARGE 

This routine is not utilized in regular production. Experimental 
results showed the absence of the double charge to be the minimum gas level. 

It is recommended that this routine be disregarded. 

VARIABLE 11 - FORMATION TEMPERATURE 

Normal production formulations are conducted at the prevailing 
room temperature. Experimentally, a formation temperature of 75°F was 
found superior to the opposing level of 57°F. 

A formation temperature controlled to 75° ± 5°F is recommended 
for the experimental production plates. 

^VARIABLE 12 - WASH WATER 

Ordinary tap water is utilized to rinse plates in standard 
production. Deionized water was found experimentally to be very superior 
to tap water in gas reduction. 

Deionized water is recommended for use in preparing the experi- 
mental plates. 
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VARIABLES NO. 13 AND 19 - KOH CONCENTRATION 


A concentration of 317. KOH by weight is utiiized currently in 
production formation. Experimental results indicated little if any 
difference in the use of 207. and 307. KOH in formation while 407. KOH 
was found to produce more gassing. 

The 317., or regular production concentration, is recommended 
as no discernable difference was detected with 207. KOH and 317. KOH is 
a standard item. 

VARIABLE NO. 14 - COUNTERELECTRODES 

Nickel counterelectrodes are used in production formation 
tanks. Experimental comparison of silver counterelectrodes with the 
nickel counterelectrodes indicated a slight preference for nickel. 

It is proposed that the counterelectrodes remain nickel in the experi- 
mental production. 

i / VARIABLE NO. 15 - K?C0l CONCENTRATION 

Production formation tanks are set to contain as little K 2 CO 3 
as possible (<0.4%) although this concentration will rise as contact with 
air Is maintained. A K 2 CO 3 concentration of approximately 47. was found 
experimentally to result in reduced gassing. 

It is proposed to adjust the K 2 CO 3 concentration to 4.0 ± .57. 
in the formation tanks for the experimental production plates. 

VARIABLE NO. 16 - SINTERED WEIGHT 

The weight of active material in a plate is controlled within 
specific limits. Experimentally, the sintered weight was not found to 
substantially effect gassing. 

The sintered weight of the plates will be raintained within 


the current specifications. 



VARIABLE NO. 17 - PERCENT OXYGEN PICKUP 


This variable is dependent upon the variables utilized in 
formation and processing. 

VARIABLE NO. 18 - DRY STAND TIME 

This variable is specified in the contract requirements 
and will, therefore, be the same for both regular production and experi- 
mental production. 

VARIABLE NO. 20 - DISCHARGE ROUTINE 

This variable is specified by Variables 8 and 9 with the 
presence of the discharge routine leading to minimum gassing. 

PREDICTIONS BASED ON ANALYSIS MODELS 

For comparison purposes, predictions of several variable 
combinations using the analysis models were made. Table II lists the 
variable levels used for each combination (Observations 1 and 2 were 
necessary only for prediction purposes) . The production prediction 
(Obs. 3) used variable levels that corresponded to those actually used 
in production at the present. The "Best 1" (Obs. 4) corresponded to 
the level found by experimentation to present the minimum gassing resul- 
tant overall. "Best 2" (Obs. 9) is a variation of "Best 1" in the 
respect that the most questionable variable (Variable 4) was set at 
the opposing level. Observations 5, 6, 7 and 8 constitute the minimum 
gassing levels predicted for the maximum oxygen pickup, minimum open 
circuit gas, minimum discharge gas and minimum combined gas models 
respectively. 

Table III lists the predictions of the combinations of Table II 
for each of the four (4) models. As can be seen from the predictions, 
the recommended variable levels ("Best 1" or Obs. 4) presents a near opti- 
mum when all cases are considered. 


RECOMMENDATIONS FOR FURTHER STUDY 


The method of analysis utilized in the present scope of the 
contract has been limited to a two level approach. While this techniqje 
is effective in predicting the variable direction for minimum gassing 
resultant it inherently relies on a linear function for each variable. 
While linear functions are quite possible, it is not probable that 
all the variables examined would exhibit linear functions toward minimum 
gassing. 

This is best exemplified by variables 13 and 19 which 
examine the concentration of potassluni hydroxide in plate formation. 

This was the only function examined to a greater extent than two levels. 
The results of analysis indicated that little effect on gassing is 
exhibited by KOH concentrations of 207. versus concentrations of 30%. 

On the other hand, a 40% concentration of KOH was found to markedly 
increase the gassing rate. This obviously indicates an optimum range 
of potassium hydroxide concentration for minimum gassing. 

This result lends credence to the approach that many of 
the variables could be optimized by further investigation. An inter- 
action approach seems most feasible to determine a minimum response 
for each variable. This would involve altering a variable's value 
until a region of minimum gassing could be bracketed. Successive 
bracketing would result in narrowing the range of the variable's value 
to the desired degree of optimization. A non-linear regression analysis 
could be utilized in minimizing the number of trials necessary to locate 
the optimum variable value. 



In the case of potassium hydroxide concentration, this 
might amount to examining intermediate concentrations of, say, 257. 
and 357.. For purposes of explanation, suppose the 357. concentration 
gave a value of gassing greater than 307. but less than 407. and the 257. 
concentration a value less than 307. or 20%. This would then indicate 
the minimum gassing concentration lay between 307. and 20%. The process 
could then be repeated using concentrations of 22.57. and 27.5%. If 
the 22.57. concentration gave a value higher than 257. but less than 20% 
and the 27.5% presented a value less than either 257. or 30%, then the 
optimum concentration would be further defined as being between 307. and 
25%. This could be illustrated by Figure 1. The process could be 
repeated as many times as desired or practical. Variable values could 
be extended to provide evidence of linearity or non-linear functions 
if no optimization point could be detected. 

FIGURE 1 

HYPOTHETICAL OPTIMIZATION CURVE FOR K0H 



- 7 - 


V 



I 


TABLE I 

PRODUCTION ROUTINE VS. EXPERIMENTAL ROUTINE 


VARIABLE 

EXPERIMENTAL 

LEVELS PRODUCTION LEVEL 

RECOMMENDED LEVELS 

1 

0.125 l/min/plat< 

e 0.250 1/min/plate 

0.203 1/min/plate 0.125 1/min/plate 

2 

110- 114 °F 

75*F 

120 °F 

120®F 

3 

4 Hours 

15 Minutes 

25 ± 5 Min. 

15 ± 5 Min. 

4 

140 °F 

100 °F 

120 ± 10°F 

100 t 10 °F 

5 

42.5 Hrs. 

18 . 5 Hrs . . 

4 Hrs. 

42.5 ± .5 Hrs. 

6 

2.3 Amp/Plate 

3.5 Amp/Plate 

3.5 Amp/Plate 

2.3 Amp/Plate 

7 

175% 

125% 

175% 

175% 

8 

5.75 Amp/Plate 

3.8 Amp/Plate 

5.75 Amp/Plate 

5.75 Amp/Plate 

9 

4.5 Hrs. 

3.0 Hrs. 

3.0 Hrs. 

3.0 Hrs. 

10 

With 

Without 

Without 

Without 

11 

75°F 

57 °F 

Room Temperature 

75 ± 5°F 

12 

Tap 

Deionized 

Tap 

Deionized 

13 

30% 

o 

<*• 

w 

o 

CM 

31% 

31% 

14 

Ni 

Ag 

Ni 

Ni 

15 

.1% 

4% 

<.4% 

4% 

16 

High 

Low 

Quality Control 

Quality Control 

17 

High 

Low 

Determined By 
Routine 

Determined By 
Routine 

18 

13 Days 

1-2 Days 

Variable 

As Specified 

19 

40% 

20%, (30%) 

31% 

31% 

20 

None 

Any Current /Time 

As Vars. 8 & 9 

As Vars. 8 & 9 
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TABLE II 


VARIABLE 

1 

2 _ 

3 

OBSERVATION 
4 5 

6 

7 

8 

1 

9 
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4- 
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TABLE XII 
PREDICTIONS 


REPRODUCIBILITY OP THE 
ORIGINAL PAGE IS POOR 


L 


•tcSIDUALS AND PREDICTIONS : PERCENT OXYGEN PICK-UP 


IBS 

Y(OBS) 

Y(PRED) 

RES (DUAL 

S.E.(Y) 

NORM DEV 

1 

0.0000 

14.6007 

-14.6007 

0.0641 

-123.529 

2 

0.0000 

12.3381 

-12.3381 

0.1122 

-104.386 

3 

0.0000 

14.1427 

-14.1427 

0.0709 

-119.654 

4 

0.0000 

14.0400 

-14.0400 

0.0974 

-118.785 

5 

0.0000 

15.7282 

-15.7282 

0.1103 

-133.068 

6 

0.0000 

14.0459 

-14.0459 

0.0780 

-118.835 

7 

0.0000 

13.1621 

-13.1621 

0.1003 

-111.357 

8 

0.0000 

12.3332 

-12.3332 

0.1031 

-104.345 

9 

0.0000 

13.8216 

-13.8216 

0.0942 

-116.937 

■St DUALS AND PREDICTIONS: 

OPEN CIRCUIT GASSING 


OBS 

Y(OBS) 

Y(PRED) 

RESIDUAL 

S.E.(Y) 

NORM QEV 

1 

0.0000 

11.8689 

-11.8689 

10.9776 

-1.434 

2 

0.0000 

54.2910 

-54.2910 

11.1601 

-6.560 

3 

0.0000 

7.8264 

-7.8264 

5.1647 

-0.945 

4 

0.0000 

-9.3676 

9.3676 

7.7761 

1.132 

5 

o.ooco 

63.9010 

-63.9010 

7.7713 

-7.722 

6 

0.0000 

-28.5114 

28.5114 

9.2192 

3.445 

7 

0.0000 

28.4040 

-28.4040 

8.4/02 

-3.432 

8 

0.0000 

-21.6819 

21.6819 

8.5172 

2.620 

9 

0.0000 

-18.3078 

18.3078 

8.4071 

2.212 


RESIDUALS AND PREDICTIONS: 

DISCHARGE GASSING 



OBS 

YCOBS) 

Y(PRED) 

RESIDUAL 

S.E.(Y) 

NORM DE'v 

1 

0.0000 

3.3840 

-3.3840 

3.3043 

- 1.000 

2 

0.0000 

47.7427 

-47.7427 

4.4315 

-14.114 

- 3 

0.0000 

11.6570 

-11.6570 

2.8965 

-3.446 

4 

0.0000 

-15.8702 

15.8702 

3.7133 

4.691 

5 

0.0000 

25.5287 

-25.5287 

3.7051 

-7 *547 

6 

0.0000 

9.9897 

-9.9897 

3.5604 

-2.953 

7 

0.0000 

-29.6350 

29.6350 

4.0239 

8.761 

8 

0.0000 

-10.7661 

10.7661 

3.6575 

3.182 

9 

0.0000 

-6.2007 

6.2007 

3.5303 

1.833 


RESIDUALS AND PREDICTIONS : 

COMBINED GAS 



OBS 

Y(OBS) 

Y(PRED) 

RESIDUAL 

S.E.(Y) 

NORM DEV 

1 

0.0000 

4.3051 

-4.3051 

11.0432 

-0.443 

2 

0.0000 

100.3802 

-100.3802 

15.0581 

-10.348 

3 

0.0000 

26.0981 

-26.0981 

5.6280 

-2.690 

4 

0.0000 

-23.5303 

23.5303 

10.0355 

2.425 

5 

0.0000 

98.6583 

-98.6583 

9.6312 

-10.170 

6 

0.0000 

-9.2681 

9.2681 

9.0221 

0.955 

7 

0.0000 

-1.9913 

1.9913 

11.7451 

0.205 

8 

0.0000 

-48.1494 

48.1494 

10.4187 

4.963 

1 9 

0.0000 

-17.2690 

17.2690 

9.4533 

l.no 


RESIDUALS SSQS 

213.1820577 
365.4124764 
565.4304215 i 
762.5538344 1 
1009 . 9300553-j 
1207,2187533 
1380.4597201 
1532.5688505 
1723.6062040 


RESIDUALS SSQS 

140.8723453 
3088.3852596 - 
3149.6377010 
3237.3896541 
7320.7373180 
8133.6377067 
8940.4277610 
9410.5332260 . 
9745.7070579 

J 


t 


RESIDUALS SSQS j 

11.4517841 ; 
2290.8188533 
2426.7065486 
2678.5698299 ■ 
3330.2841863 ! 
3430.0795955 ; 
4308.3173961 
4424.2275524 
4462.6757926 * 


RESIDUALS SSQS 

18.5342102 

10094.7324485 

10775.8437728 

11329.5215072 

21062.9883346 

21148.8867721 

21152.8516159 

23471.2187957 

23769.4375534 



APPENDIX II 



TAJLE MO. I - COMPLETE LISTIIIU OF 'SPECIAL* POSITIVE PLATES 
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TAULE ilO. a. - VULTAUES DUitlHU 111 i>CII#\l«SI£ FUK YUM CELLS A KM SHOWII TO 1.00 VOLT. 

Till: OPtll ClKCUIT VULTaiIMS aKI: SIluWH aF'i'EII OISCIIAKGE IS COMPLETED. 




Tilt 

CELL CAPACITIES 

aKE SHOWII 

FUlt 1.00 

VOLT 

aIIO 1.40 

VOLT CUT- 

•OFF. 

TIME 


CELLS 


CELLS 



CELLS 



IlltS 

S-l 

£-5 

S-10 

S-15 

S-21 

P-1 

P-5 

P-10 

P-15 

P-20 

37.05 

1.59 

1.59 

1.59 

1.59 

1.53 

1.59 

1.53 

1.59 

1.59 

1.58 

37.62 

1.57 

1.57 

1.53 

1.53 

1.57 

1.53 

1.57 

1.53 

1.53 

1.57 

33.62 

1.57 

1.57 

1.57 

1.57 

1.56 

1.57 

1.57 

1.57 

1.57 

1.56 

33.05 

1.56 

1.55 

1.57 

1.57 

1.56 

1.57 

1.57 

1.57 

1.57 

1.55 

40.05 

1.52 

1.53 

1.53 

1.53 

1.52 

1.55 

1.55 

1.55 

1.56 

1.53 

40.55 

1.50 

1 . 49 

1.52 

1.51 

1.50 

1.55 

1.53 

1.53 

1.55 

1.51 

40.97 

1.45 

1.45 

1.50 

1.43 

1.45 

1.53 

1.52 

1.51 

1.53 

1.49 

41.12 

1.41 

1.41 

1.47 

1.45 

1.41 

1.51 

1.50 

1.50 

1.52 

1.48 

41.22 

1.39 

1.39 

1.47 

1.45 

1.59 

1.51 

1.50 

1.50 

1.52 

1.47 

41.37 

1.35 

1.33 

:..43 

1.41 

1.35 

1.50 

1.50 

1.49 

1.31 

1.46 

41.55 

1.25 

1.25 

1.39 

1.33 

1.26 

1.49 

*1.49 

1.47 

1.51 

1.44 

41.72 

1.17 

1.13 

1.31 

1.33 

1.27 

1.49 

1.47 

1.45 

1.50 

1.42 

41.37 

1 * 05 ******* * 

1.26 

1.23 

1.06 

1.47 

1 . 46 

1.42 

l.l'J 

1.39 

42 • 05************************ 

1.13******** 

1.47 

1.45 

1.39 

1.43 

1.35 


K 

i 

1 



1.43 

1.41 

1.33 

1.20 

1.15 

1.03* 


1.42 

1.33 

1.31* 

1.23* 

1.14* 


1.33 

1.22 


1. 43 
1.42 
1.35 
1.23 


1.30 

1.24 

1.19 

1.06 


1 • 17 ****** 


i ' 


OPEN C f it CU I T VOLTAGES AFTIill DISCHAKGE AT 60. HUS 


S-l “1 . 53/ 
P-1 ■ 1.53/ 


1.53/ 

• 1.53/ 


S-10 « 
P-10 


1.53/ 

• 1.53/ 


3-15 « 
P-15 


1.53/ 

■ 1.50/ 


1-2*1 - 1.58/ 
P-20 - 1.60 


CELL CAPACITIES 


S-l 1.00 VOLT C‘JT-OFF-41. 30 
S-3 1.00 VOLT CJT-GFF-41.73 
5-1 0 1.00 VOLT C..T-OFF-41.95 
S-15 1.00 VOLT CJT-OFF-42. 08 
S-21 1.00 VOL T CUT-OFF-41. 35 
P-1 1.00 VOLT CUT-OFF-43. 12 
I*- 5 1.00 VOLT CJr-OFF« 43.03 
P-10 1.00 VOLT CUT-OFF **4 2. 53 
P-15 1.00 VOLT CUT-OFF-4 j . 00 
P-20 1.00 VOLT CUT-OFF-42 . 77 


111 ( 3 / 

IIKS/ 

mts, 

lilts, 

lilts, 

HAS, 

Hits, 

mis, 

11.(3, 

Hits, 


1.40 VOLT 
1.40 VOLT 
1.40 VOLT 
1.40 VOLT 
1.40 VOLT 
1.40 VOLT 
1.40 VOLT 
1.40 VOLT 
1.40 VOLT 
1.40 VOLT 


CUT-OFF-40. 
CUT-OFF- 40 
CU r-0!T«41 
cu r -OFF- 41 
CUT-OFF- 4 C 
CUT-OFF-42 
CUT-OFF-42 
C-'T-OI , ; «41 
. .T-OFF-4 2 
L f- OFF- 41 


92 IIUS. 
.92 IlltS 
. 25 IlltS 
.17 ims 
.92 Hits 

. 03 Hii;> 
.00 IlltS 
.67 IlitS 
.17 IlitS 
.41 IlltS 


reproducibility of thp 
original pageLpco" 


r 

» 


V 


» 



fAJ LI: l»l). 10 . OPEN CIRCUIT CAS ACCUMULATED FOR THE PLATES ON TEST. VOLUME IK CC 
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TABLE NO. 13. - OPEN CIRCUIT (140 HRS.)/ DISCHARGE (50. HRS.) RESPONSES AND THE 
TOTAL OXYGEN PRODUCED ON DISCHARGE FROM CELLS. 
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TAttlk NO. 2b. • TIMES AMU VOLUME OF OXYGEN FltOUUCtO DURING DISCHARGE FOR SECOND 
tiUuU * OF CELLS. TIMES SHOWN ONLY WHEN ANALYSES HADE. 

••• ■ SAMPLE INAUVEKTENLY LOST, 



i 

CELL TIME 

VOL. 

TIME 

VOL, 

time 

VOL. 

1 : 

t 

NO. HRS. 

CC. 

HRS. 

CC. 

HRS. 

CC. 

I 


SOS IS. 2 

13*34 

36.1 

9.01 



? 

i 

i 

TOTAL OXYGEN FKOM 

CELL SOU 

* 

21. )9 CC. 



$ 

} 


$07 IS. 5 

11.75 

36.3 

5.57 





TOTAL OXYGEN FKOM 

CELL SO 7 

% 

17.32 CC, 





SU lS.lt 

11.39 

34.4 

6.60 



l 

} 


TOTAL OXYGEN FHOM 

CELL SU 

* 

17.99 CC. 




[ 

$1) 11.6 

6.20 

36*6 

4.33 

46.5 

1.39 

1 • 

f, 

TOTAL OXYGEN FKOM 

CELL S13 

• 

11.92 CC. 




* 

$17 IS. 7 

11.62 

34. t 

L.ys 

bb.6 

1.64 

* 


TOTAL OXYGEN FKOM 

CELL $17 

• 

16.41 CC. 



• 

* 

$10 1S.S 

10.70 

34.9 

1.29 

46.7 

0.32 


1 * 

\ 

TOTAL OXYGEN FROM 

CELL S19 

■ 

12.31 CC. 



: 

$2$ 10. 2 

6.22 

35.1 

0. 70 

46.1 

0.20 

1 

■ < 

total oxygen fkom 

CELL $2) 

• 

7.12 CC. 

• 




$2$ M.l 

2 • 9> 

35.3 

). 07 

46.9 

2.65 



TOTAL OXYGEN FKOM 

CELL S25 

m 

I. SC cc. 





P0) 19. 5 

5. 13 

35.4 

2.53 

46.9 

0. $9 


, 

TOTAL OXYGEN FHOM 

CELL 1*03 

• 

S.56 CC. 



1 


POb 19.1 

3.47 

35.5 

1.36 

47.0 

O.S$ 

1 

. * 

TOTAL OXYGEN FKOM 

CELL P06 


5.49 CC* 



i 


POS 19.9 

3.16 

35.7 

2.17 





TOTAL OXYGEN FHOM 

CELL POS 

• 

6.01 CC. 





Pll 20.0 

13.95 

35.1 

4.15 





TOTAL OXYGEN FKOM 

CELL Pll 

% 

11.10 CC. 




» 

PI) 20.2 

11.00 

36.1 

3.11 



i 

I 

TOTAL OXYGEN FKOM 

CELL P13 

m 

14.91 CC. 



j 

1 

PI# 20.) 

9.70 

3C.3 

6.09 



! 

1 

1 

TOTAL OXYGEN FKOM 

Pll 70 S 

CELL P16 

m 

tc 1. 

13.73 CC. 




1 

7 

TOTAL OXYGEN FKOM 

Is if 

CELL Pl» 

> 9 * J’ 

• 

S. 29 CC. 









i 


P19 20. b 

10.16 

47.1 

0.9b 




1 

TOTAL OXYGEN FKOM 

CELL P19 

m 

11. OS CC. 
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HRS* 


VOL. 
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TIME 

HRS. 
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